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Learning for Virtual Images
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Abstract: In endoscopic surgery, it is not easy to capture the three-dimensional structure of the target re-
gion due to the narrow field of view, and image generation techniques for surgical guidance have been widely
studied. In this study, we propose a method to generate an augmented endoscopic image which visualizes
the tumor position inside the organ. We achieved 2D-3D registration between endoscopic images and 3D-CT
models by machine learning-based image completion for thoracoscopic lung cancer resection. Since there was
few training data, we trained image completion model using virtual images generated from a statistical model
of organ deformation. In addition, we proposed a framework to apply the learned image completion model
to endoscopic images and generated augmented reality images in which 2D-3D registration was achieved

Augmented Endoscopic Image Generation by Image Completion

without organ pose estimation.
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U, WHRBEGRIZNT 2 FEIMESGDEIC X > TEKL
7z 3IRTLRE IR T 2 FER 2 21T o 72, EBR2 TIX 3.1
DERR 1 AR case 1 & case 2 DIERIES X FEMINY
IT—aviERE LU case IdD=2DF —X &AWz,
T—XEIIRTICRTEY TH D, NEHEMEK I, 1T case
1&case2 &HIZ6MBHY, case 1d ldcase 1 LHU I, %
A,

3DODT — R T BHEUA A T ERDNFRACFEE %
EE 1 ERURMAETITY, N\ OEIXER 1 0ERICH D &
SIZA=100 & L7z, 72 LEBT—RETANT—X
DHRENITHT, TRTOTF—X2HNTEE 2T 72,
iz, FEIZEVESNEGHITEE T IV G T I, DIfHE
Wahit U7z 2 ~VE& L, 2 AJ1U 30t G(L,) &4&E
U7z, BBl A 5 G rh Qg ElRR I FEEL U 7= slis & il
Hg 5720, MitEEZRT I ViHliE L, OERIEFEH T
To7=.

G(L,) OFMIE, FEIMNEGOEED 3Rk 1, .,
LT B & TIT- 7. FEMESDLE & IXELAD
3T CT EF )NV MP 2 FHcllizs L OETBEI X,
MP %%y 7F ¥ TEHBEDOI AT NI A—=R% [, LAL
BEm oz 2 2EIcEGbELZLTHY, ZhiZL-
T L ItfiEaOE I N 3B eSs. L 3.1 T
B L 72 RMSE, SSIM & & QBB ALE D NY 2 RV 7 §E
Wex FWTITo 72, B HEER 1 LAk, FEMER S ORT
WHERESEH LT 2RI %17 - 7=,

Focase TLIZEB LG EAWTL, #2881, 4K
U G(L,) & I, &TRMSE, SSIM, MEHLED
JARNVTHEMERR U ZERER 2I1ITRT. & case D
6D I oML L 2155 6DFEF5E2DIIT, &
D No. IZFDHFESZ/R U7, NaN &K U7ZHEIZD
Wk, ER U GL,) RICE R I g ro7zZ &
T, NJARVTHEZRETEamhrol e 2RLTL
5. od, BMATICIRFEEEZR UK. £2 D RMSE &
SSIM & D case 1 & case 2 ZLIKT 5 & case 1 DIEFS &
DL, AEWG(L,) 2ERTETVWE I DD,
F 7z case 1 & case 1d & HHKT % L DT DT case 1d DIF
SWTIENRR L o Tz, £2 &0, BEEMEDNY
ARNVTHEHENR/NE 72 57D case 1 D No. 1 TH Y,
case 2D No. 1 THARTHo7-.

F 72X 712 case 1, case 1d, case 2 D=DIZTDNTNY
A RV 7 BEEEAN IR B & OR/MT 78 o 72 B O O ARl 4451
2. BB OEGIZENS I, Ly, G(Ly), I, 1o T
HY, EERPNTZRIVTERRKR, FTERPNTZRNLT
Wt/ Ol THE. ZZTI, X1, & G(L,) 2RO
(5) Ta=035LTCTNT 7T VLYT 1 VT RITOVER
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R 23U G(L,) L FRMEADERE [, L O

RMSE SSIM N ARV 7 B
No. case 1 case 1d case 2 case 1 case 1d case 2 case 1 case 1d  case 2
1 36.13 35.31 53.36 0.807 0.801 0.777 15.23 19.42  134.62
2 25.13 22.28 28.38 0.933 0.935 0.916 63.82 52.35 22.20
3 28.59 28.22 49.77 0.910 0.912 0.788 98.86 98.86 85.00
4 24.24 24.65 39.66 0.943 0.943 0.878 27.86 28.18 91.59
5 38.86 34.58 57.44 0.824 0.834 0.722 38.95 36.06 NaN
6 39.47 38.39 61.55 0.788 0.789 0.711 47.01 48.08 NaN
Mean 32.07 30.57  48.36 0.867 0.869 0.799 48.62 47.16 83.35
L, G(L,) L

Max (No. 3)

Min (No. 4)
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U 7= RN RS T H 5.
IL=(-a) I +a G(L,). (5)

FEBRER LD, BN RA TEBONTMTEEEIZL ST
"JonGEHVT, I, OEEALE T E I E
BEERATRETH 5 Z L R T E 2. NI ANV 7
MER/NTH -7z case 1 DNo. 1 TIX L, . . EBBLZH
UNiiE Iz %2 AR TET\nb. 31 H0FEMERLD, G
AT B T ANOVEGHEE T — XD T )V ER I HEH
U7zHiTHIIZNS WIRET 3 IR EERTE D L H
ZAoNb. U oT GIZ&k o THERS N IEEALIED
Lyove PIEBEALE D NG S, AU T ROVEBAD
JifiREIR DEGER DY T — ZAZ N TR A A S 4 D fiti £E
HOmIFIZHEMLTED, NIWVWRET G(L,) ZHEKT
EreFEzOoND. —HTELOGATERESE I, ...,
DIEBAEIENIEIZERT 5 L IETELRho7z. K
7(a) 1D No. 3 B XU 7(b) 1D No. 3 1E[EE % 2 D4
L TWAD, T T OV RO [tifESk 2 B8 L U 7= i3
AR T OVHEGEPFE T — 2z 2 DD, Tho
DFERZREVTERLZEEZONS. 72K 7(c) hD
No. 112815 G(L,) IZ/NEWH DS LN ERTETE
53, AU AHHE 2o TWna. ZNIFItDME
BN WZ ICERT 2 EZ 605, I DMEZ
RIS B72DIZIE P T —REAREIERI LD boLH
MR THEEEZONS.

4. BBbHYIC

AHRSE T IR A2 3D < BRI & o TS
By 3oL CT ETNVDAEGOE ZERL, HLEENHER
EiG % AR T 5 FEARELZ. 2 5ER O THEmH I3
5 NERRHSEEE 21T o T2 BB T, BERIT A T iR % W
72T AMZBEBWTEWEE TONERHTZNAEETH - 7=.
—HTHFZUZET NV ENGEEGICER L, KRN
WD LR 2 AT - 7285 R 2 FEME S D & IR U 72 5
TlE, case 1d IZBWTHBALED N X RV 7 D
BEDE - L HINE L, 47.16 ¥ 7 IV TONIASED A
BEThoT.

BE OAMSCERIE BRI (W) BREE S
18K19918 D EIZ & 5. BHMEA D FMi8)m & & 3 IRt
CT M5 % FRHETE N 72 24 1 2 K 72 [ 350 B T s B P I e A/
RIS ESRE I EHORERLET.
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